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Abstract 
PALYNOLOGY AND PALEOECOLOGY OF THE FOSSIL BUTTE MEMBER 
OF THE EOCENE GREEN RIVER FORMATION 
IN FOSSIL BASIN, LINCOLN COUNTY~ WYOMING 
by 
Robert A. Cushman, Jr. 
The palynoflora of the Fossil Butte Member of Green River Forma-
tion was studied to enhance our understanding of the depositional 
environment of ancient Fossil Lake. Forty-nine outcrop samples were 
collected from three measured sections representing the center, the 
margin, and intermediate areas of Fossil Lake. Of the 49 samples, 12 
yielded a fairly well preserved palynomorph assemblage. 
A late early Eocene to early middle Eocene age for the Fossil 
Butte palynoflora is indicated by the presence of Bombacaceae, Eucommla., 
1lex, Juglari6, P,U.,~pollerUte1.>, Pla.-t.yco.Jtya, PteJLocaJtya, T.-i.Li.a, and 
TaxocUwn. Additional evidence for the early to middle Eocene age of the 
Fossil Butte Member was from a potassium-argon age determination of a 
potassium-feldspar tuff of 49.1 ± 1.8 m.y. These data indicate that the 
major portion of the Fossil Butte Member was contemporaneous with the 
deposition of the Wilkins Peak Member in the Green River Basin. 
Evidence from the palynoflora suggests that the climate during 
deposition of the Fossil Butte Member was in transition between a 
humid, subtropical and a cooler, drier, warm temperate one with moderate 
fluctuations during various episodes of deposition. 
Other evidence from the palynoflora indicates that moist lowlands 
and floodplains existed around Fossil Lake with upland forests on the 
surrounding ridges and mountains. Streams originating in the highlands 
supplied water for Fossil Lake and the surrounding vegetation. 
Kerogen analysis of rocks from the Fossil Butte Member showed no 
correlation between the kerogen type and either the lithology or pre-
servation of palynomorphs. 
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The rocks and fossils of the Green River Formation have attracted 
the interests of geologists and paleontologists since the mid-1800's. 
In previous investigations, most of the research emphasis has been on 
the rich oil shales and fossil fish of the Green River Formation. In 
contrast, relatively little work has been published on the fossil 
flora(s) of the Green River Formation. Studies by Brown (1929, 1934) 
and MacGinitie (1969) of the megaflora(s) and by Wodehouse (1933), 
Leopold and MacGinitie (1972), and Newman (1974, 1980) of the palyno-
flora(s) have been the most helpful in enhancing our understanding of 
the Green River flora(s). However, none of the previous studies have 
examined the Green River palynoflora ·in Fossil Basin. The advantages 
of studying the palynoflora in addition to the megaflora are: 1) pollen 
and spores are more resistant to degradation than most other plant 
parts; 2) also, because of their small size (usually <150 u) they are 
more easily transported and deposited as sedimentary particles; 3) and 
finally because they are produced in large quantities, they are often 
preserved in statistically significant numbers. 
In this study, the palynoflora of the Fossil Butte Member of the 
Green River Formation was examined with the primary purpose of using 
the palynoflora assemblage to understand the depositional environment 
of Fossil Lake in Fossil Basin, Wyoming. 
Fossil Lake was one of three major Eocene lakes whose sediments 
now comprise the Green River Formation (Figure 1). Fossil Lake was ad-
jacent to the much larger Lake Gosiute that covered much of southern 
1 
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Figure 1. Areal extent of Green River Formation outcrops (modified 
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Wyoming and part of Colorado in the Green River, Great Divide, Washakie, 
and Sand Wash basins. The third lake, Lake Uinta, spanned parts of 
Colorado and Utah in the Piceance Creek and Uinta basins. 
Previous Work 
Fossil plants from the Green River Formation were first described 
in a series of papers by Lesquereux (1872 to 1883). Soon thereafter, 
Newberry (1883,1898) described fossil plants from the same area as 
Lesquereux. Although the exact location(s) from which these floras 
were collected is not known, it is thought that the fossil plants of 
Lesquereux and Newberry that later became known as the Green River 
Flora were collected from the western deposits of Lake Gosiute (Mac-
Ginitie, 1969). Knowlton (1923) later revised the taxonomy of the 
Green River flora and published lists of earlier collections. In addi-
tion, Knowlton included descriptions of fossil plants from the Lake 
Uinta sediments of northwestern Colorado. However, Knowlton's plants 
from Lake Uinta were probably from a higher stratigraphic horizon than 
the plants from Lake Gosiute (MacGinitie, 1969). In another study of 
fossil plants from Lake Uinta, Cockerell (1909, 1925, 1927) added sev-
eral new species to Knowlton's list. As a result of the early studies 
by Lesquereux, Newberry, Knowlton, and Cockerell, the described Green 
River Flora became a mixture of fossil plants representing numerous 
stratigraphic horizons originally deposited in separate lake basins. 
As more of the Green River Flora was described, later paleobotan-
ical studies became more interpretive. In 1929 and 1934, Brown inter-
preted the Green River Flora as an assemblage of plants from warm, wet 
lowlands combined with plants transported from surrounding cool, dry 
uplands. MacGinitie (1969) in a later study on the Green River mega-
flora in the Uinta Basin, interpreted the flora to be representative 
of warm-temperate to tropical floras similar to those that now exist 
in Mexico and some parts of Central and South America. 
W. H. Bradley (1931) published the earliest study of the Green 
River palynoflora. However, his work on the pollen and spores was 
preliminary to more extensive research re~orted by Wodehouse (1933). 
Based primarily on his study of the palynoflora, Wodehouse believed 
5 
that Lake Uinta existed in a hot, desert valley and was fed by streams 
originating in surrounding highlands where there was greater precipita-
tion. Wodehouse (1933) also suggested that the lake was shallow and 
muddy with extensive marshy areas along the margins. In addition, the 
presence of conifer pollen provided evidence for the existence of a 
flourishing "mesophytic forest" in the neighboring highlands (Wodehouse, 
1933). Further study of the palynoflora in the Uinta and Piceance 
Creek basins by Newman (1974, 1980) led to the development of a palyno-
stratigraphy for the Green River Formation in these two basins. How-
ever, Newman did not apply palynoflora data to interpretations of the 
depositional environments. 
In Fossil Basin, Brown (1929, 1934) used the megaflora data to 
conclude that Fossil Lake was located in an inland, montane basin. 
Unfortunately, because Brown did not delineate specific collecting 
localities in his studies of the Green River Flora of Wyoming it is 
difficult for later workers to draw conclusions from his data (Mac-
Ginitie, 1969). However, according to interpretations of McGrew and 
6 
Casilliano (1975) based on Brown's (1929, 1934) work, swamps and flood-
plains bordered Fossil Lake with the neighboring ridges and highlands 
providing altitudinal change in the plant assemblages. More work was 
needed on the flora of the Green River Formation in Fossil Basin before 
we could understand the complexities of the existing environment during 
the deposition of sediments in Fossil Lake. It is important that the 
flora of Fossil Basin be studied rather than basing conclusions on 
floras described from other basins. It was the purpose of this study 
of the palynoflora to provide additional flora data for interpreting 
the depositional environment of Fossil Lake. 
Objectives 
The six primary objectives of this study were: 
1) To study the palynoflora assemblage and from it draw conclusions 
about the vegetation of the area in and around Fossil Lake during de-
position of the Fossil Butte Member; 
2) To examine the stratigraphic distribution of significant taxa 
from the palynoflora to aid in determining any climatic fluctuations 
that might have occurred during deposition of the Fossil Butte Member 
of the Green River Formation; 
3) To study the palynofacies in terms of lateral variations in the 
pollen assemblages from the center to the margin of Fossil Lake; 
4) To analyze the kerogen content of the rocks and to relate it to 
the preservation and variation of the palynoflora; 
5) To establish the age of the Fossil Butte Member of the Green 
River Formation within Fossil Basin utilizing the palynoflora; 
6) To compare the palynological data with available sedimento-
logical and some other paleontological data to aid in our understand-
ing of the depositional environment of the Green River Formation in 
Fossil Basin. 
Geologic and Geographic Setting 
7 
The Green River Formation is a large lens of lacustrine sediments 
that intertongues with the fluvial Bridger and Wasatch Formations. In-
cluded in the Green River Formation are late Paleocene and Eocene de-
posits laid down in lakes of Colorado, Utah, and Wyoming. This study 
was restricted to sediments of the Green River Formation deposited in 
ancient Fossil Lake. Fossil Basin (Figure 2) is a small, structur?lly 
controlled basin on the southeastern edge of the Wyoming thrust belt 
(Oriel and Tracey, 1970). The western boundary of Fossil Basin is de-
fined by the Crawford Mountains and the Tunp Range; the eastern boundary 
by Oyster Ridge; and the southern boundary by the Uinta Mountains. 
Within Fossil Basin the Green River Formation was divided into two 
members by Oriel and Tracey (1970): the lower Fossil Butte Member and 
the upper Angelo Member. My study was restricted to rocks of the 
Fossil Butte Member. 
The Fossil Butte Member was named for exposures along the south-
ern edge of Fossil Butte in what is now Fossil Butte National Monument. 
Additional excellent outcrops of this member occur south of the monu-
ment along the north and east sides of Fossil Ridge where the most ex-
tensive fossil fish quarries are located. The type section for the 
Fossil Butte Member is located west of Kennnerer, Wyoming in SW 1/4 NW 
8 
Figure 2. Geologic and geographic features in the vicinity of Fossil 
Basin, including parts of Idaho, Utah, and Wyoming (modified from 
Oriel and Tracey, 1970). 
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1/4 sec. 5, T. 21 N., R. 117 W. (Oriel and Tracey, 1970). Litho-
logically, the Fossil Butte Member is composed of buff, laminated 
calcimicrites and dolomicrites, brown to black, kerogenous, laminated 
calci- and dolomicrites, siltstone, mudstone, and claystone with numer-
ous thin tuff beds. Laterally, these rocks grade into algal, ostra-
codal, gastropodal, and bioturbated calcimicrites thought to be de-
posited in shallow water near the shore of ancient Fossil Lake (Rubey, 
Oriel, and Tracey, 1975). Large siliciclastic, deltaic deposits in-
terfinger with the lacustrine carbonates near the margin of the basin. 
Buchheim and Eugster (manuscript in preparation) divided the 
Fossil Butte Member into three major units (Plate 1, back pocket) which 
represent three distinct depositional environments. Briefly, the 
lower unit is a poorly developed lacustrine sequence characterized by 
siliciclastic mudstones and sandstones, ostracodal limestones, and bio-
turbated calci- and dolomicrites. Toward the margin of the lake the 
lower unit is separated from the middle unit by the Sandstone Tongue 
of the Wasatch Formation. The middle unit represents a well-developed 
lacustrine sequence of well-laminated calci- and dolomicrites with high 
kerogen content. It is in the middle unit where the majority of the 
fossils are found. The middle unit is separated from the upper unit by 
a 15cm thick potassium-feldspar tuff ("K-spar tuff"). The upper unit 
is characterized by poorly laminated dolomite rich carbonates, many of 
which contain calcite pseudomorphs after saline minerals, and several 
kerogen-rich, laminated dolomicrites. Very few fossil are found in the 
upper unit. Toward the margins of the basin, the lacustrine rocks of 
all three units grade into siliciclastic sediments of the Wasatch 
Formation. 
11 
MATERIALS AND METHODS 
Forty-nine outcrop samples from the Fossil Butte Member were 
collected and processed for pollen and spores. The samples were coll-
ected from three measured stratigraphic sections (Plate 1) during the 
summer of 1981. The section localities correspond to several of those 
studied by Buchheim and Eugster (manuscript in preparation) in a recent 
study. The Fossil Butte Monument (FBM) section (SW 1/4 NW 1/4 sec. 5, 
T. 21 N., R. 117 W.) (Figure 2) represents the depo-center of Fossil 
Lake and Little Muddy Creek (LMC) section (SE 1/4 SE 1/4 sec. 24, T. 20 
N., R. 118 W.) represents an environment proximal to the lake margin. 
The Clear Creek (CCS) section (NW 1/4 SE 1/4 sec. 35 and NE 1/4 SE 1/4 
sec. 34, T. 21 N., R. 117 W.) represents an intermediate environment 
between the center and the margin of the lake (Buchheim, personal 
communication). At each section rock samples were taken from repre-
sentatives of the major lithologies (Figure 3). In most instances, 
sample horizons were correlatable among all three sections. 
The rock samples were processed and the residues mounted on slides 
by Phillips Petroleum Co. using standard palynological techniques 
(Appendix). Sixteen of the sample residues from Phillips were further 
processed and eight other samples were reprocessed in hopes of concen-
trating the palynomorphs or increasing the palynomorph recovery from 
these rocks. A major difficulty in processing the samples was the 
abundance of fine organic debris present in the rocks. Some of this 
organic debris was eliminated by additional processing with Schulze 
solution, KOH, and/or sieving. 
12 
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Figure 3. Species-population curves for four samples from the Fossil 
Butte Member. 
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The palynology slides were scanned and the 12 samples producing 
palynomorphs were studied in detail. In most cases, analysis of the 12 
productive samples required scanning the entire slide(s) to find suffi-
cient numbers of palynomorphs for study. 
To aid in the identification of the palynomorphs, photographs 
were taken with a Zeiss Photomicroscope III or an Olympus BH-2 photo-
microscope at 40x and lOOx (oil immersion) magnification using either 
Kodak Plus-X or Panatomic-X black and white film. The film was devel-
oped in Kodak Microdol-X and prints were developed in Kodak Dektol 
developer using Ilford Ilfobrom no. 4, single-weight paper. 
Identifications of the palynomorphs were made using the Jansonius 
and Hill (1976) genera file and selected literature on other described 
Tertiarypalynoflora~. Unidentified palynomorphs were given a morpho-
logical code designation modified from Tschudy (1957). 
Analysis of the palynoflora included pollen counts of all 12 
samples, however only 10 of the 12 samples proved to contain statisti-
cally significant numbers of palynomorphs. The pollen counts included 
scanning from one to seven slides from each sample until 200 or more 
grains were counted. Species-population curves, similar to the species-
stratum curves used by Wilson (1959), were plotted for four samples 
(Figure 3) to determine the number of palynomorphs necessary to stat-
istically represent the palynoflora. 
Slides for kerogen analysis were prepared by Phillips Petroleum 
Co. and examined using standard visual kerogen analytical techniques 
(Stach, et al., 1975). Estimations were made of the relative percent-
16 
ages of each kerogen type present in each sample. The kerogen analysis 
included samples from the Fossil Butte and Little Muddy Creek sections. 
RESULTS 
Palynomorph Assemblage 
The 49 outcrop samples from the Fossil Butte Member of the Green 
River Formation yielded a diverse, and relatively well preserved palyno-
morph assemblage. However, even though the majority of the palyno-
morphs were well preserved, they were not found in great abundance. 
The taxonomic list of the palynomorph assembalge is presented in Table 
I. The palynomorph assemblage included 176 forms representing 38 
families, 54 genera, and 7 determined species. Present in this diverse 
palynoflora are representatives of 1 alga, 4 dinoflagellates, 9 acri-
tarchs, 1 horsetail ( Equ,.lt, etum) , 20 ferns, 13 gymnosperms, 6 mono-
cotyledons, 112 dicotyledons, and 10 palynomorphs of unknown affinity. 
Photographs of some of the characteristic taxa are shown in Plates 2-9. 
Approximately 2270 pollen, spores, dinoflagellates, and acritarchs 
were identified from the 12 most productive samples. Of the 2270 
palynomorphs, 1.5% represented non-bladdered conifers, 23% bladdered 
conifers, 37.5% angiosperms, 14% ferns and lower plants, 1% dino-
glagellates, 22.5% acritarchs, and .5% of unknown affinity. Looking 
strictly at the terrestrial palynoflora, consisting of 1553 identified 
pollen and spores, 2% represented non-bladdered conifers, 33.5% blad-
dered conifers, 55.5% angiosperms, 9% ferns and Equ,.lt,etum, and 1% of un-
known affinity. The vertical change in the relative abundance of the 
prominent taxa is summarized in Figures 4 and 5. The percentages for 
taxa in Figure 4 include dinoflagellates, acritarchs, and Pecli.a.-6tJr.um. 
Without the influence of the dinoflagellates, acritarchs, and 
17 
TABLE I 
Systematic List of Fossil Pollen, Spores, Dinoflagellates, 
and Acritarchs Found in the Fossil Butte Member of the 
Green River Formation 
CHLOROPHYTA 
HYDRODICTYACEAE 


























Horsetails; Scouring rush 






ha.a.Jtd:ti.J.. (Potonie & Venitz) Thomson & Pflug, 1953 













TABLE I (cont.) 












?Thu.ja or JunipeAu..6 
PODOCARPACEAE 
Po do c.aJtpcv., s p • 
PINACEAE 
Ab-<.u sp. 
p -<.c.ea. spp • 

















TYPHACEAE or SPARGANIACEAE 
































TABLE I (cont.) 







V1toJ.> eJta sp. 
EUCOMMIACEAE 
















Ca.Jttja J.>implex (Potonie 
Ca.Jttja veJtipUM Wilson 
Juglan.J.> sp. 
Hickory; Pecan 
& Venitz, 1934) Elsik, 1968a 
& Webster, 1946 
MomlpUM 4 spp. 
Momlplie.-6 tJtiltacU.iLt.M Nichols, 1973 
P la:t.y c.a.Jttj a s p • 

















TABLE I (cont.) 
Pla..tan.U6 sp. Plane-tree; Sycamore 
SALICACEAE 
?Popui.U6 sp. Poplar 






TUA..a. 3 spp. 
ULMACEAE 






























Unidentified C -10 
Unidentified c 3-13 
Unidentified c 3-15 
Unidentified c3-16 
Unidentified c 3-17 
Unidentified c 3-18 
Unidentified c 3-19 
Unidentified c 3-20 

























































TABLE I (cont.) 
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Peclla.J.:i.tJw.m, Figure 5 gives a clearer picture of the trends in the actual 
floral assemblage. 
The alga, Pecllcu.tJw.m, comprised 8% of the total palynomorphs 
identified. However, its primary occurrence was in the one sample 
(FBM-4) where it composed 91% of the entire assemblage. The most 
common member of the fern groupwasLaeviga.,to~po!U;te.-6 which made up 3.5% 
of the total count. However, unlike Pec:Ua.!.>tJz..u.m, Laeviga.,to~po!U;te.-6 was 
distributed throughout the stratigraphic sequence (Figure 6). Other 
fern spores (e.g. Cya..trucl<Xe.-6 and Vel..toido~po~a) also were restricted 
to the middle and upper units (Figures 4 and 5). 
Among the gymnosperms, Piruu, (9%) was by far the dominant taxon 
with PiQea (2.5%) the next most common type. Other members of the 
gymnosperms present were PodoQaJtpUJ.i (2%), Abie.-6 (.5%), Taxocllwn (.5%), 
T~uga (.5%), and Jun.ipe.JtU,6 (.5%). Poorly preserved, unidentified blad-
dered or bisaccate pollen were unidentifiable due to either the degrada-
tion or poor orientation so that diagnostic characteristics were not 
visible. 
Gymnosperm pollen were found to be distributed through all three 
units of the Fossil Butte Member. However, they were much more abundant 
in the lower and upper units (Figures 4 and 5). Gymnosperms appear to 
be fairly abundant in the lower unit; decrease in abundance in the 
middle unit; and then rapidly increase in abundance in the upper unit 
(Figures 4 and 5). 
Among the angiosperms present, the most common taxa were Ca.Jtya 
(5.5%), c3-13 (5%), UlmUJ.i or Zel.kova (3%), Compositae (2.5%), Cheno-
podiaceae (2.5%), Momlpi.te.-6 (2%), Salix (1.5%), Pla.,tyQaJtya (1.5%), and 
24 
Figure 4. Generalized pollen diagram for the Fossil Butte palyn9flora. 
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Figure 5. Generalized pollen diagram without dinoflagellates, acri-
tarchs, or PecUa..6.tJtwn. 
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QueJteCL6 (.5%). Of these most common taxa, CaJLya, UlmU-6 or Zei.Qova, 
MomlpLtU>, Salix, Pla..tyeaJLya, and QueJteU-6 were found in all three units 
(Figure 7). Pollen of the Compositae, Chenopodiaceae, and Graminae 
were only found in the middle and upper units (Figures 4 and 6). 
Overall, the angiosperms were more abundant in the lower and 
middle units. The trend in Figure 5 for the angiosperms in the middle 
and upper units appears to be the opposite of the trend for the gymno-
sperms. However, this trend may be at least partially due to the use 
of relative percentages. 
In summary, Figure 5 shows that the angiosperms and gymnosperms 
were both present in the lower unit with the angiosperms being the 
more dominant. In the middle unit, angiosperms dramatically increased 
in abundance, while the gymnosperms decreased. In the upper unit gymno-
sperms became dominant and the angiosperms less abundant. 
Dinoflagellates and acritarchs were found primarily in the lower 
and middle units, although there were a few in the upper unit (Figure 
4). In two samples (CCS-8 and LMC-1) the dinoflagellates and acri-
tarchs were the only taxa present with the exception of one unidentified 
triporate pollen found in LMC-1. In sample FBM-6 a large number of 
acritarchs and a few dinoflagellates were found with a diverse angio-
sperm pollen assemblage. 
The absolute diversity of the flora varied dramatically from sample 
to sample through the stratigraphic sequence. Figure 8 illustrates this 
change in absolute diversity (i.e. a count of the number of taxa pre-
sent in each sample). In Figure 8 the absolute diversity is shown for 
the total palynomorph assemblage as well as for the terrestrial palyno-
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Figure 6. Generalized pollen diagram for 
Compositae, Chenopodiaceae, and Graminae. 
total palynomorph assemblage. 
fern spores, gymnosperms, 
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Figure 7. Pollen diagram for the angiosperms and Equ.l6eXwri. 
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Figure 8. Taxonomic diversity of the generalized section for the Fossil 
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floral assemblage. In addition, Figure 8 includes the "corrected 
diversity" of both the total palynomorph and terrestrial palynofloral 
assemblages. The "corrected diversity" was calculated by dividing the 
number of taxa in each sample by the total number of specimens in the 
same sample. The result was a percentage number which is believed to 
be more representative of the actual diversity of the assemblage in 
each sample. From the corrected diversity plot (Figure 8) one can see 
that the diversity does not vary greatly through the three sections. 
The single possible exception is sample FBM-10 which contained 17 taxa 
in only 44 total specimens. Thus, the high corrected diversity in this 
sample is probably an artifact of the low specimen count. 
It should be noted that although the taxonomic diversity did not 
vary greatly through the stratigraphic sequence, the distribution of 
individual taxa did change dramatically (Figur'e 5). 
Palynof acies 
There appears to be very little lateral or facies changes in the 
palynoflora between the three measured sections. Palynofloras from 
the two sections (FBM and CCS) closest to the depo-center of the lake 
are very similar (Figures 9 and 10). It is difficult to compare the 
section at the margin of the lake (LMC) with the other two sections 
because only two samples from the LMC section produced palynomorphs 
(Figure 11). One of these samples, LMC-12, produced a palynomorph 
assemblage rich in conifers similar to the upper unit from the other 
two sections. The other sample (LMC-1) yielded a rich assemblage of 
acritarchs and dinoflagellates which may reflect a localized, short-
36 
Figure 9. Stratigraphic distribution of selected taxa from the FBM 
section. 
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Figure 10. Stratigraphic distribution of selected taxa from CCS 
section. 
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Figure 11. Stratigraphic distribution of selected taxa from the LMC 
section. 
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lived algal bloom. Samples FBM-4, FBM-6, and CCS-8 also contain an 
abundance of dinoflagellates and/or acritarchs indicative of phyto-
plankton blooms. 
In surmnary, the vertical trends in the palynomorph assemblage 
appear to be similar for all three measured sections. 
Kerogen Analysis 
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Table II lists the relative percentages of each kerogen type pre-
sent in the rock samples from the FBM and LMC sections. The various 
types of kerogen are: 1) exinite, which is the waxy and resinous type 
and include plant cuticles, spores, pollen, dinoflagellates, and acri-
tarchs; 2) amorphous kerogen, which is non-structured algal debris; 3) 
vitrinite, which is structured, humic or woody debris such as tracheids 
and wood tissue; and 4) inertinite, which is carbon rich and is de-
rived from the oxidative degradation of woody tissue. 
There is relatively little stratigraphic variation in kerogen 
types in either section and no apparent correlation between kerogen 
type and lithology. The majority of the samples contain greater amounts 
of amorphous kerogen than any of the other kerogen types. This may 
be due in part to a bias in collecting more carbonaceous samples for 
palynological analysis. 
TABLE II 
The relative percentages of the major kerogen types present in 
the Fossil Butte Member of the Green River Formation. 
s amp e r L. h 1 it o ogy 
FBM-lA oil shale 
lB oil shale 
2 chalk 
3 mud stone 
4 lower oil shale 
5 oil shale 
6 oil shale(lower SWH) 
7 oil shale(upper SWH) 
8 oil shale 
9 oil shale 
10 lam chalk 
11 oil shale 
12 oil shale 
13 upper oil shale 
14 green mudstone 
lS green mudstone 
16 mudstone w/ plt f rg 
17 laminite 
LMC-1 oil shale w/ plt frg 
2 laminated micrite 
3 ost oil shale 
4 ost oil shale 
s green mud stone 
6 gr·een mud stone 
:1 lower oil shale(coaly> 
8 lower SWH 
laminated micrite 
9 upper SWH 
' 
laminated micrite 
10 green mudstone 
11 oil shale 
12 upper oil shale 
13 mud st w/ plt frg 





















































































































































DISCUSSION AND CONCLUSIONS 
Age of the Flora 
The age of the Green River Formation in Fossil Basin is commonly 
thought to be Eocene. Fossils that have been reported from the Fossil 
Butte Member include fish (Cope, 1877, 1884; Leidy, 1873; Thorpe, 1938; 
Hesse, 1939), a sting ray (Schaeffer and Mangus, 1965), birds (Wetmore, 
1933), bats (Jepsen, 1966), snakes (Schaeffer and Mangus, 1965), in-
sects (Scudder, 1890; Cockerell, 1920), plants (Lesquereux, 1883; 
Brown, 1929, 1934), and fresh-water molluscs, ostracodes, and algal 
limestones (Bradley, 1926). Despite the abundance and diversity of 
fossils in the Fossil Butte Member, the age of this unit has been 
based primarily on mammals in the intertonguing Wasatch Formation 
(Gazin, 1959). The Green River Formation in Fossil Basin is thought 
to be of Lostcabinian age although no mammals of that age are known 
from Fossil Basin (Gazin, 1959; Schaeffer and Mangus, 1965). Pollen 
studies by Wodehouse (1933) in the Green River Formation of Colorado 
and Utah led him to conclude that the Green River Formation was Middle 
Eocene in age. In a later study of the Piceance Creek and Uinta basins, 
Newman (1974) developed palynomorph range zones for the Green River 
Formation. However, Newman only assigned generalized ages (i.e. Eocene) 
to the palynomorph range zones. 
Figure 12 shows the vertical distribution of stratigraphically 
significant taxa present in the Fossil Butte Member of the Green Forma-
tion. For comparison, Leopold and MacGinitie (1972) have the only pub-
lished stratigraphic range chart of Tertiary palynomorphs in the Rocky 
44 
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Figure 12. Vertical distribution of stratigraphically significant 
pollen present in the Fossil Butte Member of the Green River Forma-
tion. 
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Mountains. Their chart (Figure 13) shows the stratigraphic ranges and 
relative abundance of important pollen for dating Tertiary floras in 
the Rocky Mountains. Comparing the Fossil Butte palynoflora with the 
stratigraphic ranges given by Leopold and MacGinitie suggests that the 
Fossil Butte palynoflora is latest early Eocene to earliest middle 
Eocene in age (i.e. Late Lostcabinian to Early Bridgerian). The strat-
igraphic ranges of Pil>~polle.rU.teJ.>, Platyca.Jz..ya, Eucommi.a., and T-Llla 
support the conclusion that the Fossil Butte palynof lora is latest 
early Eocene in age, while the ranges of Bombacaceae, Pte.Jtoca.Jtya, 
JuglanJ.>, Ilex, and Sa.JtcobeLtu.J., (Chenopodiaceae) extend the range of the 
palynoflora to the earliest middle Eocene. 
A potassium-argon age determination by GeoChron Laboratory (F-6486) 
on the feldspar from the 15cm thick potassium-feldspar tuf f near the 
top of the middle unit, yielded an age of 49.1 ± 1.8 million years. 
This particular age represents the start of Bridgerian time (Mauger, 
1977), and therefore correlates nicely with the age determinations 
based on the palynoflora. However, a potassium-argon age determination 
(F-6485) on a second tuff about 14m stratigraphically below the thicker 
potassium-feldspar tuff yielded an younger age of 45.0 ± 2.3 million 
years. The older date of 49 m.y. is probably more reliable since it is 
concordant with the age of the palynoflora. 
Potassium-argon dates of biotite in tuf f s from the Wilkins Peak 
Member in the Green River Basin yielded dates of 49.1 ± 1 m.y., 48.8 ± 
1.2 m.y., and 47.2 ± 1.2 m.y. (Mauger, 1977). The two older dates are 
from tuff no. 3 of Culbertson (1961) at two different localities. The 
younger date is from tuff no. 6 (Culbertson, 1961) which is 2.4m below 
48 
Figure 13. Stratigraphic range and relative abundance of selected 
pollen types in Tertiary rocks of the Rocky Mountain region (from 
Leopold and MacGinitie, 1972). The pollen types present in the 
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the top of the Wilkins Peak Member in the Green River Basin. 
Correlations of the Fossil Butte Member in Fossil Basin with 
other members of the Green River Formation in the Green River Basin 
were based on the radiometric and palynological data. The 49.1 m.y. 
date (from the K-spar tuf f) near the top of the middle unit of the 
Fossil Butte Member suggests that the major portion of the Fossil Lake 
sediments were deposited contemporaneously with those of the Wilkins 
Peak Member in the Green River Basin (Figure 14). The palynological 
data, as previously stated, support the correlation of the major part 
of the Fossil Butte Member with the Wilkins Peak Member. In addition, 
the palynological data suggest that the end of deposition of the Fossil 
Butte Member occurred during the earliest stages of deposition of the 
Laney Shale Member. However, the palynological data did not provide 
evidence to suggest that the lower boundary of the Fossil Butte Member 
is equivalent to any part of the Tipton Shale Member. This interpreta-
tion is based on the stratigraphic ranges of Leopold and MacGinitie 
(1972) (Figure 13) and should some of these ranges be amended at a 
later date, then my interpretation would also be amended. Based on 
sedimentological similarities, I predict that the lower boundary of 
the Fossil Butte Member will be found to be equivalent to some portion 
of the Tipton Shale Member. It does seem anomalous that the overall 
evidence suggests that while Fossil Lake was expanding, Lake Gosiute 
was contracting. 
Paleoclimate 
Table III shows the climatic ranges for the extant genera repre-
51 
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Figure 14. Correlation of the Eocene Green River Formation in Wyoming, 
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Ecological requirements and geographical ranges of extant taxa represented by palynomorphs 
found in the Fossil Butte Member of the Green River Formation. Modified after Fisk (1976) 





















fresh-water lakes, ponds, 
and slow-moving streams 
montane rain forest 
dry sandy soils to marshes 
dry habitats to rain forests 
moist thickets and woodlands 




moist habitats, river 
banks, swamps 
moist soils 
swamps to rocky highlands 
moist woodlands and humid 
montane forests 
swamps and flood plains 
moist habitats 
Climate 
tropical to boreal 
tropical to warm temperate 
tropical to cool temperate 
tropical to warm temperate 
tropical to warm temperate 
tropical to boreal 
warm temperate to boreal 
tropical to boreal 
tropical to warm temperate 
subtropical to warm 
temper.ate 
warm temperate to boreal 
subtropical to boreal 
subtropical to warm 
temperate 
subtropical to warm 
temperate 










































TABLE III (cont.) 
Habitat 
variable 
aquatic in ponds, lakes 
and streams 
variable; swamps to 
upland forests 
swamps, wet woodlands, 
streambanks 
moist soils 
uplands, bogs and swamps 
variable 
upland woods to coastal 
swamps 
variable; swamps to upland 
forests 
dry woods, thickets 
variable; sometimes dry 
salty soil 
thickets, woodlands 
bogs, moist depressions 




tropical to boreal 
subtropical to boreal 
subtropical to cool 
temperate 
warm temperate to boreal 
tropical to cool temperate 
subtropical to boreal 
tropical to subtropical 
subtropical to cool 
temperate 
subtropical to cool 
temperate 
warm to cool temperate 
tropical to boreal 
warm to cool temperate 
tropical to cool temperate 
subtropical to warm 
temperate 
tropical to cool temperate 



















Europe to eastern 
Asia; Central 
America and Andes 
Mts. 
cosmopolitan 















TABLE III (cont.) 
Habitat 
variable; swamp to upland 
forests 
variable 









moist mountain forests 
streambanks, lake shores, 
damp thickets, swamps 




subtropical to cool 
temperate 
tropical to warm temperate 
subtropical to cool 
temperate 
mixed tropical to warm 
temperate 
tropical to boreal 
warm temperate 
subtropical to cool 
temperate 
tropical to subtropical 
tropical to boreal 
subtropical to cool 
temperate 





North and Central 
America, SE Europe 
and SW Asia 
China and Japan 
Northern Hemisphere 












sented in the Fossil Butte palynoflora. The overall climatic range 
of taxa in the palynoflora is tropical to boreal. However, the majority 
of the taxa have climatic ranges that overlap in the subtropical to 
warm temperate zones (Figure 15). 
The palynomorph assemblage of the lower unit included several im-
portant climatic indicators. Abie;.,, PiQea, AlnU-6, Co~ylU-6, and PteAo-
QaJtya are all elements of warm temperate or cooler climates. The 
other dominant taxa in the lower unit such as PinU-6, PodoQa.JtpU-6, CaJtya, 
and PlatyQaJtya have wider climatic ranges. Therefore, the climate 
during deposition of the lower unit was probably warm temperate. 
In the middle unit, pollen of UlmU-6, Ca.Jtya, and Chenopodiaceae 
were dominant. Along with these taxa the majority of the palynomorphs 
in the middle unit have broad climatic ranges. However one family, 
Bombacaceae, which ranges from tropical to subtropical, was present in 
low quantity. Based on the presence of Bombacaceae and the scarcity of 
forms found in cooler climates (i.e. Abie;.,, PiQea, AlnU-6, Co~ylU-6, and 
PteAOQa.Jtya) the climate during deposition of the middle unit was pro-
bably more subtropical. 
The palynomorph assemblage of the upper unit yielded a mixture 
of the forms present in the lower and middle units. In sample CCS-12 
from the lower part of the upper unit, pollen of such cool temperate 
taxa as PiQea, T-Ouga, CaJ.>tanea, and PteAOQa.Jtya indicate that the 
climate may have become cooler. However, the continued presence of 
Bombacaceae would indicate that the transition was gradual. From 
CCS-12 on up, in the upper unit the cooler climate indicators such as 
Abi e;.,, PiQea, and T-0uga became more prevalent. However, the uppermost 
57 
Figure 15. Climatic ranges of the extant taxa from the Fossil Butte 
palynoflora. Modified after Barnett and Fisk (1980). 
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% TOTAL TAXA 48% 83% 95% 67% 13% 
sample, CCS-16, did contain ReeveJ.>-la. which would indicate a warmer 
climate. 
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Overall, the mixture of elements from subtropical to warm temper-
ate climates in the middle and upper units seems to indicate that the 
climate may have fluctuated from the warm temperate climate in the 
lower unit, to a more subtropical climate in the middle unit, and then 
back to a warm temperate climate in the middle of the upper unit. As a 
whole, the flora is well represented by subtropical (83%) and warm 
temperate taxa (93%) (Figure 15). It may be that the overall climate 
during deposition of the Fossil Lake sediments was in a transition 
between a subtropical and a warm temperate climate with slight fluctua-
tions as previously stated in the lower, middle, and upper units. 
The vertical distribution of Pla.,tyQCVtya (Figure 13) would also 
seem to indicate that during deposition of all three units, the cli-
mate was one of high humidity and abundant summer rainfall, typical of 
China and Japan where Plat.yQCVtya grows today (Leopold and MacGinitie, 
1972). 
Depositional Environment 
In recent years there has been much debate over the depositional 
environment of the Green River Formation. This study does not attempt 
to settle that debate, but rather to make a contribution that will en-
hance our understanding of the depositional environment of ancient 
Fossil Lake. 
The following is a brief review of past interpretations of the 
depositional environment of the Green River Formation in Wyoming. Two 
60 
models for the depositional environment of the Green River Formation 
have been the most prominent. The first, the deep, stratified lake 
model, was proposed by Bradley and Eugster (1969) for deposition of the 
Lake Gosiute sediments. According to the stratified lake model, Lake 
Gosiute was chemically and thermally stratified. The result was a 
salinity low enough in the upper water column to allow the algal growth 
necessary for the formation of oil shales (Bradley and Eugster, 1969). 
The second model was proposed by Eugster and Surdam in 1973. They pro-
posed that Lake Gosiute was deposited under playa-lake conditions. 
According to the playa-lake model the lake was relatively shallow and 
bordered by mudflats. This model accounts for the abundance of evap-
orites in the Lake Gosiute sediments. For further discussion of the 
depositional environments of the Green River Formation one may read: 
Baer (1969), Boyer (1982), Bradley (1973), Buchheim and Surdam (1977, 
1981), Desborough (1978), Eugster and Hardie (1975), Picard (1967, 1972), 
Smith (1974), Surdam and Stanley (1979), Surdam and Wolfbauer (1975), 
and Wolfbauer and Surdam (1974). 
Table III lists the habitats of taxa from the Fossil Butte palyno-
flora. All of the taxa are representative of moist habitats, which 
supports the conclusion that there was relatively high humidity during 
deposition of the Fossil Lake Sediments. 
In the lower unit the dominant taxa were PinUJ.>, Piee.a, Ca.Jtya, 
Pla.t..yea.Jtya, and Co~ylUJ.>. The predominance of these taxa indicates that 
an area near the lake was heavily wooded. However, the pollen of 
PinUJ.>, Piee.a, AlnUJ.>, Ca.JtpinUJ.>, and Tilia. represent vegetation similar 
to that which MacGinitie (1969) interpreted to occur 3,000 feet above 
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Lake Uinta. Therefore, pollen from the surrounding highland floras 
must have been carried into Fossil Lake by streams, whose presence are 
also indicated by pollen of typical riparian taxa such as Pla.taru.u,, 
Salix, and Populu.J.>. At the lower elevations, vegetation composed of 
Aln.M, Ca.Jtya, Co1tylM, Myfl.ic.a, Pla.tyc.a1tya, Podoc.a.JtpM, T il.-la, and UlmM 
grew. Around Fossil Lake itself, forests of PopuiM, P~e.JtOC.aJttja, and 
Salix grew on the floodplains, while in the moist lowlands, cattails, 
ferns, and horsetails thrived. 
During deposition of the middle unit the vegetation adjacent to 
Fossil Lake remained much the same as in the lower unit. However, the 
vegetation at the lower elevations may have become better developed and 
taxonomically more diverse perhaps due to increased rainfall and a sub-
tropical climate. During this time, the upland vegetation of spruces, 
pines, alders, etc. may have been partially displaced upward by elements 
from the warmer, lowland vegetation. Evidence from the sedimentological 
data suggests that during deposition of the middle unit the lake reach-
ed its peak development (Buchheim, personal communication). 
During deposition of the upper unit the dominant vegetation around 
Fossil Lake was once again the upland flora. Pollen types of the low-
land floras such as Ca1tya, Myfl.ic.a, Pla.tyc.aJtya, PopuiM, Qu.e.Jtc.M, Til,.la, 
and UlmM are still well represented. However, rainfall was probably 
more restricted to the highlands where Ab~e.-6, P~c.ea, P~nM, Podoc.aJtpM, 
and a variety of ferns flourished. The shallowing of the lake is in-
dicated by the increased abundance of TaxocUum-type pollen in the upper 
unit and might also explain the presence of the evaporite sequences 
which dominate the lithologies of the upper unit. The changes in the 
flora and the shallowing of the lake during deposition of the upper 
unit probably resulted from the onset of a cooler and slightly drier 
climate. 
62 
Overall, the vegetation that existed around Fossil Lake during 
deposition of the lower, middle, and upper units of the Fossil Butte 
Member indicates that Fossil Lake existed in an intermontane basin and 
was affected by slight fluctuations in climate and rainfall. 
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ALGAL COLONIES, MONOLETE and TRILETE SPORES 
All figures lOOOx 
p e.cUaJ.,:tJwm sp. A 
p e.cUaJ.,:tJwm sp. B 
Lae.v~ga.,to~po~u sp. 
Lygod.iwn6po~u sp. 
? Luo:tft.ile:tu sp. 



















INAPERTURATE and TRILETE SPORES and MONOCOLPATE POLLEN 
All figures lOOOx 
? E q u,,L6 etum sp. 
CyM.hiclU:u sp . 
















INAPERTURATE and BISACCATE POLLEN 
All figures lOOOx 
13. Thuja sp. or JunipeJUU> sp. 
14. ?T.6uga sp. 















Po do c.aJtpM 
P ic.e.a sp . 

















INAPERTURATE, MONOPORATE, TRIPORATE, and POLYPORATE POLLEN 
All Figures lOOOx 
Figure 
22. Pota.mogeton sp. 
23. Typha. sp. or SpaJtgarUu.m sp. 
24. ?PopulUJ.> sp. 
25. G~a.mlnJ.A..dltv., sp. 
26. UlmUJ.> sp. or Ze.lkova sp. 
27. UlmUJ.> sp. or Ze.lkova sp. 
28. ?AlnUJ.> sp. 
29. P~eJtoeaJtya sp. 












All figures lOOOx 
Figure 
31 . Co.JT..ya v ell.ipilu 
32 . Co.JT..ya .6.{mplex 
33. PlOvt.yc.aJT..tja sp . 
34. Plavt.yc.o.JT..ya sp. 
35. Be.:tula sp. 
36. My!U.c.a sp. 
37. MomlpUu sp. 
38. Momlpilu :t!UAa~ 
39 . Momlpilu sp. 
40. Co.JT..p-lnw., sp. 
41. ?Momi.pilu sp. 
42. p -3 
3 








38 39 40 
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Figure 
44. Ac_e.Jr.. sp. 
45. Ac_e.Jr.. sp. 
46. Ac_e.Jr.. sp. 
47. Euc_ommla. sp. 
48. Ilex sp. 
49. Que.Jr..C-ll6 sp. 
50. c -13 
3 
51. c -5 3 
52. p l<Lta.n.ll6 sp. 
53. c -5 3 
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54. Bombacaceae 
55. Tilia. sp. 
56. C a.p!U. 6 oLU.,pilu sp. 
57. Sa.i..ix sp. 
58. Afla.nt.hc.v., sp. 
59. c -37 3 
60. Atc.a.Li..a.eeopollen...U:u sp. 
61. CP -2 
3 
62. CM .ta..n ea. s p . 
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Figure 
64. Rhoipilu sp. 
65. Myrtaceae 




70. VJto.6 eJta sp. 
71. MoftU./.) sp. 
72. Che.nopocUpolli.6 
PLATE 10 
TRICOLPORATE and MISCELLANEOUS POLLEN 












GENERALIZED DESCRIPTION OF MACERATION SCHEDULE 
FOR CONSOLIDATED ROCK SAMPLES (modified from Fisk, 1976) 
1. Clean the exterior of sample with distilled water and stiff-bris-
tled brush to remove possible surface contamination; then dry 
thoroughly. 
2. Crush to less than ~" pieces in an iron mortar with pestle. 
3. Weigh out 50-100 gm. of crushed sample making sure to take a re-
presentative portion for treatment. 
4. Transfer to a wide-mouthed polypropylene beaker and slowly add 
10% HCl until reaction ceases. Leave covered with periodic stir-
ring for 12 hours. Centrifuge and carefully pour off super-
natant. Wash once with distilled water. 
5. Slowly add HF in a fume hood until sample is covered; allow to 
stand for 12 hours with occasional stirring. Centrifuge and decant. 
6. Wash with 10% HCl transferring residue to 50 ml. polypropylene 
tubes. (If fluosilicates present wash as needed with hot 10% HCl 
until dissolved.) Centrifuge and decant. 
7. Add heavy liquid (ZnBr, sp. gr. 1.95 - 2.0). Centrifuge at low 
speed for 20 minutes. 
8. Pour off the float fraction and save. Discard heavy fraction. 
9. Add 10% HCl to float fraction and centrifuge to concentrate 
sample and decant. 
10. Wash with distilled water until neutral. Centrifuge and decant. 
11. Separate residue into equal parts, for kerogen and palynology 
slides. Mount the kerogen residues using hydroxyethyl cellulose 
(REC) and Coverbond. 
12. Add Schulze solution (2:1 mixture of nitric acid and aqueous 
potassium chlorate), mix thoroughly, and leave for 20 minutes. 
Centrifuge, decant, and wash with water once. 
13. Add 5% potassium hydroxide, mix well, and leave for 10 minutes. 
Centrifuge, decant, and wash with water until supernatant is 
clear. 
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14. Add heavy liquid (ZnBr) having a specific gravity of 1.95 - 2.00. 
Cover and shake vigorously until slurry is well mixed. Centrifuge 
at slow speed for 15 minutes; allow to stand for 15 minutes. Then 
pipet off the top fraction of heavy liquid with the floating 
organic materials to a 15 ml. glass centrifuge tube. Add more 
ZnBr to residue, mix and centrifuge; add float to 1st fraction. 
15. Dilute with sufficient 10% HCl to lower specific gravity below 
1.2 (usually 3X volume); centrifuge and carefully decant. Wash 
once with distilled water, centrifuge and decant. 
16. If abundant fine organic matter still present, oxidize with 
hypochlorite ("Clorox") for 10 minutes. Centrifuge, decant, and 
wash with water until supernatant is clear. 
17. Filter the residue using a 20U filter and save both fractions 
(i.e. "fines" and "courses") for mounting. 
18. Add 3-4 drops of 10% NH40H and 3 drops of 0.1% Safranin; let stand for ca. 10 minutes; then add water, centrifuge, and decant. 
Wash with distilled water at least 3X to remove the excess stain. 
19. Prepare slides with hydroxyethylcellulose ("HEC") or glycerine 
jelly, label, and transfer to drying oven. 
20. Mount on slides using Coverbond. Allow cement to harden on a 
hot plate at low temperature for 24 hours. 

